INTRODUCTION
late that these changes in the incidence of the different isolates was possibly a result of the use of vaccines in this country not containing the correct serovars for this country. As a result of these findings, Bragg et al. (1996) and Bragg, Greyling & Verschoor (1997) postulated that there is a need for vaccines containing local isolates in countries where unique serovars of H. paragallinarum occur. Bragg (2002b) further demonstrated that the serovar C-3 strain of NAD-dependent H. paragallinarum was highly virulent when compared to the other serogroups of NAD-dependent H. paragallinarum. The high virulence of serovar C-3 isolates could also be a possible reason for the increase in incidence of this serovar in South Africa reported on by Bragg et al. (1996) .
Further evidence of the failure of commercially available vaccines for the control of IC was obtained recently in Zimbabwe where a severe outbreak, which was caused by the serovar C-3 strain, was reported (Bragg 2002a ).
The IC situation in South Africa was further complicated with the discovery of NAD-independent variants of H. paragallinarum in the early 1990s when Horner, Bishop & Haw (1992) reported on a bacterium that appeared to be H. paragallinarum, but did not require NAD for growth. They suggested that these isolates could not be H. paragallinarum because of the NAD independence. Mouahid, Bisgaard, Morley, Mutters & Mannheim (1992) , Bragg, Coetzee & Verschoor (1993) and Bragg et al. (1997) suggested that these isolates were NAD-independent variants of H. paragallinarum based on DNA/ DNA hybridization (Mouahid et al. 1992) and reactions with monoclonal antibodies specific for H. paragallinarum (Bragg et al. 1993) . Horner, Bishop, Jarvis & Coetzee (1995) later conceded that their isolates were NAD-independent H. paragallinarum.
The main emphasis on the control of IC should remain on the establishment of the most suitable vaccine to combat all of the strains in a particular country. The development, testing and registration of a new vaccine, however, many take some time. There is thus a need for a simple method for the limitation of the effects of IC in the layers.
The disinfectant (Virukill, ICA international Chemicals, P.O. Box 2312 Stellenbosch, South Africa 7601) is a patented formulation of a quaternary ammonium compound, in which the efficacy of the active ingredient has been boosted without increasing the toxicity of the product. It consists of a modification based on a 12 % didecyl dimethyl ammonium chloride (DDAC) solution. This product has been shown to have a very low toxicity (data not shown) and a high efficacy against poultry viruses and bacteria (data not shown). Because of this low toxicity and high efficacy, the possibilities of using this product for continuous disinfection during poultry production was investigated. The continuous disinfection programme consists of disinfection of hard surfaces during cleanout, treatment of the drinking water and spraying of the birds during production. Bragg & Plumstead (2003) demonstrated that the full continuous disinfection programme reduced mortalities in broilers under experimental conditions as well as under field conditions in the face of a Newcastle Disease virus challenge. This raised the question of the possibilities of using the full continual disinfection programme that was developed for broilers to control the impact of IC in layers.
In these experiments, the effects of treating chickens that have been experimentally infected with various serovars of both NAD-dependent and NADindependent H. paragallinarum, using the continuous disinfection program with DDAC was investigated. At the time of these experiments, this disinfectant was the only product available that was registered in South Africa (through Act 36 of 1947) for use in the drinking water of birds and to spray the birds with.
METHODS AND MATERIALS

Chickens
A total of 100 unvaccinated commercial layer chickens were obtained from a supplier of point-of-lay chickens. These chickens were obtained at 11 weeks of age before they were vaccinated against IC and originated from a site with no previous history of IC. The chickens were housed in layer facilities until they were used in the experiments.
A total of 100 vaccinated commercial point-of-lay chickens were obtained from the same flock from which the unvaccinated chickens were obtained. These chickens had remained on the commercial farm and were vaccinated with the Onderstepoort Biological products (OBP) IC vaccine at 12 weeks with a re-vaccination at 16 weeks. The OBP IC vaccine contains serogroup A and C strains as well as the Tongaat strain. These chickens remained on the farm until they were 18 weeks of age. After this time, they were moved to the same facilities as the unvaccinated groups. Both vaccinated and unvaccinated chickens remained in the facilities until they were 25 weeks of age and were producing eggs.
A total of 20 vaccinated and 20 unvaccinated chickens were removed and placed into layer cages in isolation facilities were they were further sub-divided into two groups of ten vaccinated and two groups of ten unvaccinated chickens. They were placed into cages in such a way that ten chickens were placed into the top five cages (two chickens per cage) and ten chickens were placed into the bottom row of cages. The vaccinated chickens were placed on one side of the battery of cages, while the unvaccinated chickens were placed onto the other side. The drinking water of the bottom row of cages was treated with 100 ppm DDAC daily.
Thereafter the birds were challenged with one of the four different serovars of NAD-dependent H. paragallinarum isolates or an NAD-independent isolate according to the methods below.
Challenge and treatment methods
The chickens were challenged according to the methods described by Bragg (2001b) without modification. Basically one chicken in the middle cage was selected and challenged with intra-sinus injection of 0.1 ml of the challenge bacterium. The remaining birds in the group were then infected via natural challenge routes. The clinical signs in the birds were recorded and scored for a 20-day period. The severity of the clinical signs was given a numerical value according to the methods described by Bragg (2002b) such that birds with no clinical signs receive a score of 0, birds with mild clinical signs in the naturally infected birds get a score of 2, moderately infected birds received a score of 4 and severely infected birds receive a score of 6. The scoring of the clinical signs in the directly challenge bird was half that of the naturally infected birds.
Isolates which were used for challenge were 49 (A-1), 58 (B-1), 7 (C-2) and 46 (C-3) of the NADdependent isolates and isolate 1343 (C-3), which is an NAD-independent variant. All of the isolates used have been previously been isolated and serotyped by the author.
As soon as the first clinical signs of IC were seen, the chickens in the bottom row of cages (the same chickens which receive Virukill in the drinking water) were fogged with a 1 % solution of Virukill such that each chicken received approximately 4 ml of diluted disinfectant.
The egg production in each of the groups was also determined by daily counts of the eggs produced. At the termination of the experiment, bacterial samples were collected from both the left and right sinuses of the chickens for bacterial isolation, using the methods described by Bragg et al. (1993) .
RESULTS
Challenge with NAD-dependent isolates
The different groups of chickens were challenged with the different serovars of NAD-dependent isolates of H. paragallinarum. The results of the scoring of the clinical signs were used to produce a graphic representation of the course of the disease. The disease profiles for treated and untreated birds challenged with the different NAD-dependent serovars of H. paragallinarum can be seen in Fig. 1 , for serovar A-1, Fig. 2 for serovar B-1, Fig. 3 for serovar C-2 and Fig. 4 for serovar C-3. A summary of the mean disease scores for each of the different experimental groups, as calculated from the disease profiles, can be seen in Table 1 . The maximum disease score obtained in each of the experimental groups can also be seen in Table 1 . Finally, the duration of the infection, as calculated from Fig. 1-4 as the last day on which clinical signs were seen, is presented in Table 1 . Statistical analysis of the disease profiles obtained was performed using a t-test and these results are included in Table 1 .
Challenge with NAD-independent serovar C-3 isolate
The disease profiles for treated and untreated birds challenged with NAD-independent serovar C-3 can be seen in Fig. 5 for vaccinated and unvaccinated birds. A summary of the mean disease scores and statistical analysis can be seen in Table 1 , together with the maximum disease score for each of the groups of chickens. Finally, the duration of the infection, as calculated from Fig. 5 as the last day on which clinical signs can be seen, is also presented in Table 1 .
Egg production
Eggs were collected from the cages on a daily basis. The number of eggs from each group were carefully recorded and the total number of eggs produced and the number of eggs per bird per day for the different treatments and challenges can all be seen in Table 2 .
Bacterial re-isolation
Twenty days after challenge, all of the surviving chickens were killed and bacterial re-isolations performed on both the left and right sinuses. It was found that there was very little difference between the groups of chickens treated with DDAC and the groups not treated. Approximately 60-70 % of all birds were infected in both the left and right sinuses. There was also no difference between the bacterial re-isolations from the vaccinated and unvaccinated chickens. It must be noted that clinical signs of IC were noted in all groups of chickens challenged with the different serovars of H. paragallinarum in these experiments, irrespective of the vaccination status of the birds or the use of the full continual disinfection programme. For this reason, H. paragallinarum could be re-isolated from each group of birds.
DISCUSSION
The effects of a full continuous disinfection programme, using DDAC, on the disease profile can 
FIG. 2 Disease profiles of vaccinated (A) and unvaccinated
(B) chickens challenged with a serovar B-1 isolate of H. paragallinarum which were either treated with the continuous disinfection programme using Virukill (treated) or not treated in any other way (untreated) clearly be seen in Fig. 1-5 . The full continuous disinfection program, which consisted of drinking water treatment as well as a daily fogging with DDAC not only reduced the severity of infections, but also, in many cases reduced the duration of infection. In the case of vaccinated chickens challenged with serovar A-1, treatment with DDAC not only reduced the overall clinical signs (which was found to be statistically significant) but also reduced the duration of infection to just 3 days. In the control group, which was housed and infected at the same time as the test group, clinical signs were still recorded up to 20 days post challenge. Similar reductions in time of clinical signs were seen when the chickens were challenged with the NAD-independent serovar C-3 isolates (Table 1) as well as in unvaccinated birds challenged with serovar B-1). In many of the other experimental challenges, the reduction in the period when clinical signs were seen were not as marked as for the above examples.
It must be stressed at this point that the scale of the x-axes of the graphs in Fig. 1-5 are not the same. This is due to the fact that a marked difference in virulence was detected between the different serovars of the NAD-dependent isolates. It was interesting to note that in this experiment, the serovar C-3 isolate was found to be the most virulent in unvaccinated chickens. This was followed by serovar C-2. Serovar A-1 showed mild virulence, while serovar B-1 was the least virulent. These results correspond to the findings of Bragg (2002b) where similar virulence patterns were seen. It is also interesting to note that the mean disease scores obtained in these experiments were similar to those obtained by Bragg (2002b) despite the fact that these chickens were not challenged at the same time. This indicates that the mean disease score remains constant for the different serovars over time.
It was also interesting to note that the NAD-independent isolate used in this experiment was much less virulent than the NAD-dependent serovar C-3 isolate. This is in agreement with the findings of Bragg (2002c) who demonstrated that the NADindependent isolates were less virulent than the NAD-dependent isolates of the same serovar.
In Table 2 , the effects of the full continuous disinfection program treatment on egg production can be seen. In most cases, the chickens subjected to the full continuous disinfection program laid more eggs than those not receiving the treatment. In some cases there is a substantial difference between the numbers of eggs per chicken per day in the treated group. For example, when unvaccinated chickens were challenged with serovar A-1 (which appears to be of low virulence) the egg production in the treated group was 0.51 eggs per bird per day. In the untreated control group, this was 0.34 eggs bird day. Over the 20 days of the experimental challenge, this difference resulted in 102 eggs being produced by the ten chickens forming the treated group, while the control group produced only 67 eggs. Similar substantial differences in egg production were also seen when unvaccinated chickens were challenged with Serovar C-2. In most other cases improved egg production was recorded. Where no improved egg production was seen as a result of the treatment the chickens showed only very mild clinical signs (for example when the chickens were challenged with serovar B-1). A notable exception to this was when vaccinated chickens were challenged with the NAD-independent serovar C isolate. In this case, higher egg production was recorded in the control group. Statistical analysis was not performed on the egg production data of the different groups as only ten birds per group were used. The egg production in these experiments was recorded as an indication of the effects of the full continuous disinfection on the impact of IC on the birds.
It must be noted that the birds were sprayed with the disinfectant only when the first clinical signs of IC were recorded. The disinfectant was used in the drinking water from when the birds where placed into the cages. This method was selected to simu- late what would happen on a production farm, were spraying with a disinfectant would only start once clinical signs were seen. In the full continuous disinfection programme in broilers (Bragg & Plumstead 2003) birds were routinely sprayed with DDAC from date of placement. If this approach was followed in these experiments, the impact of H. paragallinarum on the birds might have been even further reduced.
CONCLUSIONS
From these results it can be seen that treatment of chickens infected with IC with the non-toxic disinfectant DDAC reduced the duration and severity of clinical signs of the disease. Furthermore, in most cases, treatment with the disinfectant also resulted in higher egg production, in the face of challenge by H. paragallinarum.
It must be stressed that these experiments were done on a small scale in experimental layer cages with only ten chickens per group. Although there is a good indication from these results that treatment with DDAC can reduce the severity of infection, these finds need to be substantiated on full-scale production facilities where detailed statistical analysis could be performed on a larger population.
It is also extremely important to note that the treatment of chickens with DDAC should not be seen as a replacement for effective vaccination. In all of the cases, there was a significant difference between the disease profiles of the vaccinated chickens compared to the unvaccinated ones. In none of the cases examined was the disease profile of the unvaccinated chickens which had been treated with DDAC less then that disease profile of vaccinated untreated chickens. The effective vaccination of chickens remains the main defence against IC.
